ABSTRACT Understanding the benefits of electronic prescribing systems has important implications for quality and efficiency in medical care. We surveyed physicians about their use of e-prescribing in outpatient practices. We found that physicians who use e-prescribing systems integrated into an electronic health record have different characteristics, usage patterns, perceived benefits, and levels of satisfaction than physicians who use stand-alone systems. For example, although only 56 percent of the physicians we surveyed said that they checked a patient's drug history most or all of the time when writing a prescription, those with integrated systems were significantly more likely to report doing so than their counterparts with stand-alone systems. Our findings have implications for the American Recovery and Reinvestment Act's requirements for e-prescribing and the future use of this technology. Because many stand-alone systems cannot meet meaningful-use requirements, there is likely to be a shift toward integrated systems. P atient safety and quality of care are dominant themes in debates about health reform. Policy makers and providers are paying increasing attention to adverse drug events and the importance of interventions to improve the safety and quality of prescribing. The use of health information technology (IT) broadly, and of electronic prescribing specifically, has the potential to decrease prescribing errors and adverse drug events.
Background On Electronic Prescribing
Thus far, much of the evidence for the benefits of e-prescribing comes from studies conducted in hospitals, where the use of such systems has resulted in safer medication use, 1 more-appropriate prescribing for elderly patients, 2 and reductions in the use of costly medications. 3 However, a large proportion of prescribing takes place in outpatient settings, particularly in physicians' offices. If e-prescribing were widely used there, it could increase the safety and efficiency of prescribing for a substantial proportion of patients. Two Types In the outpatient setting, eprescribing systems generally come in two forms: stand-alone, which means that they can be used only for e-prescribing; and installed in integrated systems, which are in turn part of an electronic health record system. Physicians who are considering adopting an e-prescribing system must weigh the benefits of these two forms before making a major investment in new technology. Yet it is not clear how these systems perform in the outpatient setting, and whether they differ in benefits to providers and patients. [3] [4] [5] [6] [7] [8] eral, and e-prescribing systems in particular, has been slow. These systems can be expensive to purchase and implement, and physicians may be uncertain about recouping their investment through improvements in efficiency or quality. 9 However, this situation may change as the Centers for Medicare and Medicaid Services (CMS) begins to implement the "meaningful use" incentive program authorized by the American Recovery and Reinvestment Act (stimulus legislation) of 2009.
Policy Response Beginning in 2011, a physician who demonstrates "meaningful use" of electronic health record technology can receive Medicare payments equal to an additional 75 percent of his or her allowable Medicare charges for a given year.
10,11 Physicians must meet specific criteria for meaningful use in three areas: "using a certified [electronic health record] technology in a demonstrably meaningful way, using a certified…technology that allows for the electronic exchange of health information, and reporting on clinical quality." 12 Within each of these goals. CMS has designated a set of IT functionalities, or activities that must be implemented as part of a "core set" (see the Technical Appendix for a complete list of objectives and functionalities). 13 Required activities for meaningful use directly related to eprescribing within this core set are, first, the use of computerized provider order entry; second, implementation of drug-drug interaction and drug allergy checks; third, maintenance of active medication lists in an electronic format; and fourth, electronic generation and transmission of prescriptions.
Physicians may also choose to implement drug formulary checks, to verify that a drug is on the list of medications covered by the patient's health plan. Prescribing a drug not on a formulary can cost the patient more or require the physician to [please provide].
Purpose Of Paper In this paper we explore two questions. First, do physicians with standalone systems differ in demographic and practice characteristics from those with integrated systems? And second, what benefits in terms of ease of prescribing, office administration, and patient safety do physicians see with their stand-alone or integrated systems, and which group is more satisfied? Answers to these questions will further our understanding of the differential use and benefits of the two types of systems and provide insight into how the use of e-prescribing systems might change as the new meaningful-use incentives are put into effect.
Study Data And Methods
Survey Development The survey we developed was informed by focus groups, cognitive testing, and site visits to practices using e-prescribing. 14 The survey was approved by the Institutional Review Board at Massachusetts General Hospital and Brigham and Women's Hospital.
The final survey consisted of thirty-seven multipart questions on the following topics: practice characteristics; use of computerized systems in clinical practice; experience, satisfaction, and beliefs about e-prescribing; barriers and incentives to the implementation of these systems; and respondents' demographics. Responses were either dichotomous (that is, yes or no) or on a Likert-style scale (with answers such as very satisfied, somewhat satisfied, somewhat dissatisfied, very dissatisfied).
We drew our sample of practicing physicians from a comprehensive list maintained by Surescripts, which operates the largest e-prescribing network in the United States. Surescripts lists all physicians enrolled in all US e-prescribing systems.We included only physicians affiliated with one of the fifteen largest e-prescribing vendors as of April 2009 (see the Technical Appendix for the list of vendors). 13 We included a low-usage stratum to ensure that our sample had sufficient variance in technology use. We defined low usage as physicians who had used the e-prescribing system fewer than ten times per month in the three months prior to the selection of our sample. Our final list included 3,010 regular-use and 954 low-use physicians with accounts established more than three months prior to the sample's selection.
From this list, we selected a random sample of 2,000 physicians practicing in outpatient settings from our two strata (1,540 regular users and 460 low users). We mailed the physicians a notification letter, followed by a survey packet containing a cover letter, the survey, a "frequently asked questions" sheet about our study, and a $20 check as an incentive for participation. We mailed nonresponders two additional survey packets, and we attempted to reach by telephone all of the physicians who still did not respond.We conducted the survey between April and September 2009. Independent Variables Our primary independent variable was the type of e-prescribing system used in the physician's main practice site. To categorize the systems, we asked respondents: "Is the electronic prescribing system at your main practice site integrated with an electronic health record or a 'stand-alone' electronic prescribing system?" Other independent variables were respondents' sex, race, ethnicity, specialty, number of years in practice, practice size, clinical setting, location, and region of the country (Exhibit 1).
Dependent Variables We assessed ease of prescribing through a series of questions. We asked respondents about the effect of their eprescribing system on taking care of prescription refill requests; having staff take care of refills; processing refill requests in batches; writing an initial prescription for a new patient; and prescribing within a patient's formulary.We also asked respondents to rate the effect of eprescribing on the number of phone calls their practice received [from whom?] about formulary errors and from patients about prescription refills.
We asked physicians to rate their level of satisfaction with their e-prescribing system overall and with certain aspects of it: reliability, flexibility, cost, number of available functions, amount of time it took to learn, quality of the medication database-or [please provide]-and perceived satisfaction of patients.
We examined the effect of e-prescribing on perceived prescribing safety through several questions. First, what effect did the e-prescribing system have on reconciling a patient's medica- SOURCE Authors' analysis of data from the National Survey of E-Prescribing Physicians.
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NOTES Integrated electronic prescribing systems are integrated with an electronic health record system; stand-alone systems are not. In our survey, 60 percent of the systems were integrated, and 39 percent were not. Not all percentages sum to 100 because of rounding.
tion list (made it much harder, or somewhat harder, made no difference, made it somewhat easier, or much easier)? What effect did the system have on the number of phone calls their practice received from pharmacies about prescribing errors? And had physicians avoided triggering a drug allergy or a potentially dangerous drug interaction because of a prompt from their e-prescribing system?
Analysis We first examined bivariate relationships between the type of e-prescribing systems (stand-alone versus integrated), physician and practice characteristics, and our dependent variables. Finally, we applied a logistic regression model to examine associations between our dependent variables and type of system, after controlling for characteristics of physicians and their practices.
The exhibits show the bivariate results and the p values obtained from our model (see the Technical Appendix for the multivariable results).
13 P values of less than 0.05 indicate that these results are probably due to true variations between the two types of systems, rather than to chance alone.
Study Limitations Our study approach had several limitations. First, our sample included only physicians who were signed up with an eprescribing service, so we cannot generalize our results to the entire population of physicians.
Second, although we adhered to the best practices of survey research-for example, sending incentive checks made out to the physicians-to ensure that the survey reached our intended respondents, we cannot verify that the survey was completed by the physicians themselves. It is possible that an office manager or other staff member filled out the survey.
Third, although we achieved a reasonable response rate for a physician survey, we cannot rule out the possibility that the physicians who responded were different from those who did not. To the extent that there are systematic, rather than random, differences between the two groups, nonresponse bias could exist.
Finally, we could not verify the accuracy of respondents' reports of e-prescribing or reductions in errors using survey methods.
Study Results
Survey Respondents Of the 2,000 physicians in our sample, we excluded 53 because their addresses were unknown. Of the 1,947 eligible respondents, 1,011 completed the survey, which yielded a response rate of 52 percent. Response rates by survey strata were equivalent: 51 percent for physicians in the regular-use stratum and 53 percent in the low-use stratum.
Sixty percent of our respondents reported having an integrated e-prescribing system; the rest had a stand-alone system. Those with integrated systems were more likely than those with stand-alone systems to be primary care physicians, to practice in larger groups and in a hospital or medical center, and to have practiced for fewer years (Exhibit 1). They were also more likely to be regular users of e-prescribing (data not shown).
Characteristics Of E-Prescribing Systems Nearly all respondents (97 percent) reported that they were able to send prescriptions electronically; 87 percent had e-prescribing systems that included drug warnings or contraindications and the ability to manage refill authorizations. Fewer physicians, although still a majority, reported that their system included access to patients' drug history (62 percent) and formulary (60 percent). Physicians using an integrated e-prescribing system were significantly more likely than those using a stand-alone system to report having the following functionalities: access to patients' drug history, warnings of drug interactions or contraindications, and refill authorizations. The results for all functionalities are shown in the Technical Appendix.
13
Use Of The E-Prescribing System Physicians with integrated systems were significantly more likely than those with stand-alone systems to report writing prescriptions electronically most or all of the time (Exhibit 2). Regardless of the type of system used, the majority of physicians who wrote prescriptions electronically most or all of the time also sent prescriptions to the pharmacy electronically (data not shown). However, those with integrated systems were significantly more likely than those with stand-alone systems to report using this function.
Overall, only 56 percent of physicians said that they checked a patient's drug history most or all of the time. Those with integrated systems were significantly more likely than their counterparts with stand-alone systems to report doing this.We found a similar pattern for checking patients' formulary information, although far fewer physicians reported using this functionality.
Ease Of Prescribing We asked physicians about the effect of their e-prescribing system on ease of prescribing (Exhibit 3). At least half said that their use of e-prescribing made it easier for them to take care of prescription refills themselves, have staff take care of refills, batch-process refills, write an initial prescription for a new patient, and prescribe within a patient's formulary.
Physicians with an integrated system were significantly more likely than those with a standalone system were to report that e-prescribing Imaging & E-Prescribing made it somewhat or much easier to take care of refill requests themselves, have staff take care of refill requests, and write an initial prescription for a new patient. There were no significant differences between the two groups on the other measures (see the Technical Appendix).
Approximately one-third of physicians reported reductions in calls from [please provide] about formulary issues, and nearly half reported fewer calls from patients about prescription refills (Exhibit 4). There were no significant differences on these measures between system types.
Satisfaction With E-Prescribing The majority of physicians (88 percent) were satisfied with SOURCE Authors' analyses of data from the National Survey of E-Prescribing Physicians. NOTES Survey questions asked physicians about e-prescribing systems used at their main practice site. Integrated electronic prescribing systems are integrated with an electronic health record system; stand-alone systems are not. Not all percentages sum to 100 because of missing data. P values were obtained from a logistic regression model adjusting for physician specialty, years in practice, practice size, clinical setting, urbanicity, and US region in which the physician practices.
Exhibit 3
Effect Of E-Prescribing On Physicians' Prescribing Practices, 2009
SOURCE Authors' analysis of data from the National Survey of E-Prescribing Physicians. NOTES An asterisk denotes significant difference between physicians with an integrated system and those with a stand-alone system. Adjusted odds ratios were obtained from a logistic regression model adjusting for physician's specialty, years in practice, practice size, clinical setting, urbanicity, and region of the United States in which the physician practices.
their e-prescribing system overall. Physicians with integrated systems were significantly more likely than those with stand-alone systems were to be satisfied (see the Technical Appendix).
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When asked about specific aspects of their systems, physicians reported high levels of satisfaction on average. At least three-quarters of physicians were satisfied with all of the specific aspects of e-prescribing included in the survey.
There were no significant differences between physicians with stand-alone as compared to integrated systems, with one exception: Physicians with stand-alone systems were significantly more likely to be satisfied with the cost of the system. This is probably because [please provide].
Effect On Prescribing Safety Overall, physicians reported that their use of e-prescribing had a positive effect on the safety of their prescribing practices. Sixty-eight percent of physicians reported that their system made it easier to reconcile a patient's medication list, and 57 percent reported a reduction in the number of calls the practice received from pharmacies about prescribing errors. Physicians with an integrated system were significantly more likely than those with a stand-alone system to report these benefits (Exhibit 5).
Half of physicians reported avoiding a drug allergy or a potentially dangerous medication interaction as the result of a prompt from their e-prescribing system. Approximately one-third credited their system with preventing one of these two problems in the six months prior to the survey. Physicians with integrated systems were significantly more likely than those with stand-alone systems to report avoiding a drug allergy or a dangerous medication interaction.
Discussion
We found important differences between the use of a stand-alone e-prescribing system and the use of one integrated into an electronic health record. First, our results suggest that there are significant differences in the characteristics of physicians using the two different types of systems. Others have found that physicians who adopt health IT more broadly tend to be younger and practice in larger group settings.
9 Our findings echo this earlier work.
Greater adoption of integrated systems by younger physicians could be an effect of technology leapfrogging. E-prescribing systems available in the 1980s and 1990s tended to be stand-alone, while newer systems are more integrated with other health IT applications. However, our findings also suggest that stand-alone systems may be preferred by older physicians and those in small practices. This may be because of their lower cost and the smaller chance that implementation will result in major disruptions to the work flow.
Effects Of System Type Our findings suggest that physicians' use of e-prescribing differs by type of system in three important ways: extent of use; depth of use; and value-added use. We found that physicians with an integrated system used their e-prescribing system more extensively than did those with a stand-alone system; used more of the functionality offered by the system; and used the system in a way that maximized the efficiency of office practices and minimized drug costs. Collectively, these results suggest the importance of integrated systems that may support learning and knowledge transfer across different health IT applications.
Many physicians and practices are actively considering adopting e-prescribing or other health IT and are asking if the additional expense
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Effect Of E-Prescribing On Phone Calls To Physicians' Practices, 2009 SOURCE Authors' analysis of data from the National Survey of E-Prescribing Physicians. NOTES Integrated electronic prescribing systems are integrated with an electronic health record system; stand-alone systems are not. P values were obtained from a logistic regression model adjusting for physician's specialty, years in practice, practice size, clinical setting, urbanicity, and US region in which the physician practices.
of moving to an integrated system would be offset by the system's benefits, compared to a standalone system. Our data allowed us to examine areas in which physicians might expect to see benefits in daily practice. It could help clarify the potential impact of different types of systems.
Efficiency Gains E-prescribing advocates cite increased efficiency as one of the greatest benefits of adopting the technology. 2, 15 Our results suggest that physicians who use either an integrated or a stand-alone system do realize this benefit in terms of fewer phone calls and greater ease of prescribing. Our results also suggest that the use of e-prescribing generally results in a perception of greater efficiency.
However, there appears to be little added benefit to moving from a stand-alone system to one that is integrated into an electronic health record. Because the efficiency of office procedures represents a potential direct gain for a practice, the lack of impact here may decrease physicians' enthusiasm for moving to an integrated system.
Prescribing within patients' formulary should reduce patients' overall drug costs and improve prescribing efficiency. A majority of physicians reported that their system could check a patient's formulary and that their system made conducting this check easier than in the past. However, far fewer reported consistent use of this functionality. Prior work suggests that this may be due in part to clinicians' perceptions that these are administrative duties that disrupt their traditional work flow.
14 Although physicians with an integrated system report checking formularies more often, it is still not a majority of this group. This suggests that, overall, physicians are not taking advantage of the efficiency gains and potential cost savings for patients that e-prescribing technology could offer. The regional extension centers of the Office of the National Coordinator for Health Information Technology, created to provide technical assistance to physicians and hospitals as they move toward meaningful use, could help motivate physicians to implement and use this technology by demonstrating and quantifying real gains in efficiency.
Safety One area where our findings suggest that integrated systems offer a considerable advantage over stand-alone systems is in prescribing safety. Users of integrated systems consistently reported a larger effect than those with stand-alone systems. Although these are perceptions of benefits, and we were not able to confirm the reduction in errors, any real difference between the types of systems in this area would be important clinically. They would also be relevant to the quality improvement efforts encouraged by the American Recovery and Reinvestment Act, although they might not produce direct gains in productivity or reimbursement for physicians or practices.
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Physicians' Perceptions Of Effect Of E-Prescribing On Quality And Safety, 2009 SOURCE Authors' analysis of data from the National Survey of E-Prescribing Physicians. NOTES Integrated electronic prescribing systems are integrated with an electronic health record system; stand-alone systems are not. Not all percentages sum to 100 because of rounding. P values were obtained from a logistic regression model adjusting for physician specialty, years in practice, practice size, clinical setting, urbanicity, and US region in which the physician practices.
Policy Implications
Meaningful Use Our findings have direct implications for the implementation of CMS's meaningful-use provisions and incentive payments. To be eligible for the incentive payments, providers will have to demonstrate their use of an electronic system that includes drug-drug interaction, drug allergy, and possibly drug formulary checks; has the capability to generate and transmit prescriptions electronically; and can maintain an active patient medication list in an electronic format. 16 Because many stand-alone systems cannot support these functions, we will probably continue to see a shift away from the use of stand-alone systems toward those that are integrated within an electronic health record.
Our data suggest that physicians who already have systems with the required functionalities might not be using them to the extent required by the meaningful-use criteria. This provides further evidence that adoption of technology alone is not enough. Simply transferring functions from paper to an electronic system is not likely to result in substantial improvements in care. Clinicians will need to make changes to their work flow in order to capture the full benefits of the technology. Whether the meaningful-use incentives are enough to encourage physicians to make these changes is not yet clear.
This question is particularly salient in areas with direct financial gains for physicians (efficiency) and payers (formulary checks). Here we did not find a large return on the additional investment that integrated systems require. However, we did see substantial benefits in the area of prescribing safety. If these benefits can be confirmed, and if the financial incentives available to physicians are enough to offset the additional investment in an integrated system, that would strongly support the policy case for incentives to move prescribers toward adoption of integrated systems.
Changes In Practice Size Our findings have further policy implications beyond the current debate over meaningful use. The model of provider organizations may be shifting from one dominated by solo or very small practices to one of consolidation of these practices into larger groups. 17 This change in practice size may alleviate some of the cost concerns involved in the use of health IT. Furthermore, earlier studies have found that the perceived and actual benefits of the technology accrue primarily to larger practices. This suggests that more physicians may begin to realize the intended benefits of eprescribing as the average practice size increases.
Conclusion In summary, we found that integrated e-prescribing systems offered incremental benefits over stand-alone systems. Whether these benefits and the meaningful-use incentives offered by the federal government will be sufficient to overcome the cost of moving to an integrated system will be a critical factor in whether the technology is widely adopted. If the incentives function in their intended manner, it is likely that stand-alone e-prescribing systems will become obsolete, replaced by those that can be used to conform to the meaningful- Catherine DesRoches, Ritu Agarwal, Corey Angst, and Michael Fischer report on a survey of doctors about their use of eprescribing in outpatient services. They found significant differences between those physicians using a stand-alone e-prescribing system and those using one integrated into an electronic health recordand concluded that the differences posed challenges for meeting "meaningful use" requirements that will go into effect next year. On the other hand, the authors also say that the survey offered surprising evidence that physicians' adoption of integrated systems is moving faster than they previously expected. 
